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physical experiment. These geometries were imported and into OpenSim and contact 23 mechanics were modeled with the on-board elastic foundation algorithm. Particle swarm 24 optimization was performed to determine the elastic foundation model stiffness 25
(2.14x10 11 ± 6.81x10 9 N/m) and dissipation constants (0.999 ± 0.003). Estimations of 26 contact forces compared favorably with blinded experimental data (root mean square 27 error: 87.58 ± 1.57 N). Last, total knee replacement geometry was used to perform a 28 sensitivity analysis of material stiffness and mesh density with regard to penetration 29 depth and computational time. These simulations demonstrated that material stiffnesses 30 between 10 11 and 10 12 N/m resulted in realistic penetrations (< 0.15mm) when subjected 31 to 981N loads. Material stiffnesses between 10 13 and 10 15 N/m increased computation 32 time by factors of 12-23. This study shows the utility of performing a simple physical 33 experiment to tune model parameters when physical components of orthopaedic implants 34 are not available to the researcher. It also demonstrates the efficacy of employing the on-35 board elastic foundation algorithm to create realistic simulations of contact between 36 orthopaedic implants. 37 38 39 Introduction 42
Predicting articular joint function and loading continues to be an important 43 research topic in orthopaedics. Effective clinical treatment and design of orthopaedic 44 implants requires a thorough understanding of joint loads throughout dynamic activities 45 of daily living. Computer simulation has become a widely used method for the 46 determination of joint contact forces during dynamic tasks, as it is not subject to the same 47 constraints that accompany physical experimental investigations. Modeling joint contact 48 using an elastic foundation (EF) paradigm is a commonly utilized approach because of its 49 cheap computational cost, a desirable characteristic for integrating joint contact into 50 muscle-driven simulations ( The purpose of the present work was to provide end users with a better 65 understanding of the on-board EF algorithm in OpenSim, so that estimations of joint 66 contact forces can be made readily, with accuracy, and with consistency. To do this, we 67 developed a simple experiment and concomitant OpenSim models that provide guidelines 68 for determining EF input parameters. For simplicity, a validation experiment was first 69 performed to investigate the estimation of contact forces between a sphere and a plate. 70
To demonstrate a more complex and biomechanically relevant simulation, contact of a 71 total knee arthroplasty (TKA) was simulated to test the sensitivity of simulation 72 performance to small changes to model parameters. more conforming geometries to better represent realistic stresses. The parameters of 166 static, dynamic, and viscous friction were all assumed to be negligent and therefore were 167 set to zero (Hast and Piazza, 2013; Thompson et al., 2011) . This may not be the case for 168 more complex motions, and the parameters could readily be added to the optimization 169 routine. Finally, the TKA experiment was not validated with physical experiments. Such 170 an effort would require physical TKA implants and matching CAD geometries, which 171 were not available for this experiment. 172
Conclusions 9 and potentially powerful, but the tool is vastly underutilized because it is poorly 175 understood. This experiment represents the first published work that has outlined a 176 rigorous experimental approach to determine constants that will accurately predict forces 177 using the OpenSim EF contact algorithm. For the purposes of simplicity and practicality, 178 a simple stainless steel sphere and UHMWPE plate were used in the physical experiment, 179 which translated favorably into a virtual model of a TKA. When considering other 180 materials or other joints of the body, the same overall approach can be straightforwardly 181 adapted to make reasonable estimations joint contact forces. 182
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